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Determining the Antenna Gain 


in the GHz Range 


lt is possible in the microwave range to 
measure antenna gain with a few, simple 
alds (transmitter, directlonal coupler, 
diode probe, voltmeter), and when one has 
two identical antennas available. The des- 
cribed method can be carried out Indoors. 


The free-space attenualion a), can be exaclly 
calculated for line-of-sight propagation in the 
VHF. UHF, and GHz range: 

Gian = 201g (4nd/A) (1) 

where: 

d = Distance 
receiver 

A = Wavelength of the transmit frequency 


between transmiller and 


This equation is, however, only valid when an 
imaginary isotropic radiator is assumed. {t 
shows the altenualion (hat is present due to 
the “waste” of transmit energy in all direc- 
tions, and by not using it in the optimum 
means of concentrating the energy using a 
directional antenna. 


Of course, radio amateurs use antennas thal 
possess a certain gain (even a dipole has 
2.2 dB gain over an isotropic radiator). In this 
case, one will obiain a different free-space al- 
lenuation a, between transmilter and receiver 
thal lakes the gain of the transmit antenna 
- Gygg - and the gain of the receive antenna 
- Gag - into consideration which can be 
calculated as follows: 


Awse = 201g (4ndia)- G, -G2 (2) 


This loss can, in contrast tO ag, bE actually 
measured. The allenuation a, cannot be 
measured in practice, but only calculated, 


since the isotropic radiator is not realizable in 
practice. The attenuation a,, on the other 
hand, is obtained by measuring the tansmit 
power P,, and the receive power P,, and by 
use of logarithms: 


aga = 101g (Pr/P i.) (3) 


The principle of the antenna gain measure- 
mentis as lollows: 


The power levels of P,, and P,, are measured 
and one calculates then the atlenualion a,, ac- 
cording to equation (3). The first expression in 
(2) corresponds to the free-space loss a), in 
the case of isotropic radiators, and can be cal- 
culaled according to (1). This leaves the sum 
of G, and Go if one convens equation (2): 


G, + Ga = a, - a, (4) 


Its now important thal the Iransmit and recei- 
ve antennas are identical! In this case, G, is 
equal to Gp. and one will only need to divide 
the result of equation (4) by half to obtain the 
gain of one of the antennas, 


A horn radialor was now measured according 
lo the described method al 8 GHz and the 
resull was as follows: 


At 8 GHz, 4 is 3.75 cm. The spacing belween 
the two horn radiators amounted io d = 
128 cm. The transmit power was measured lo 
be 32 mW, and the receive energy was 
0.32 mW According to equation (4) the follo- 
wing will result: 


G, + G2 = 526dB - 200B = 32.608 


This means that each of the two antennas ex- 
hibits a gain of 16.3 dB. 
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The described measurement can also be car- 
ned oul withoul absolute power measurement 
in a more elegant manner if a directional cou- 
pler is available. lt is used to delermine the 
transmit power. If, for instance, the directional 
coupler possesses a coupling allenuation of 
20 dB, il is possible to select a, = 20d8 
directly by placing the antennas only so far 
from another that the signal at the coupling 
output and at the output of the receive 
antenna are exactly equal. This is shown in 
Figure 1. The signals can be measured one 
after another using the same diode probe (test 
demodulator) and using the same operating 


Horn 


Fig. 1: 

The distance d |s selected sa 
that P,, = P,,/100 in other 
words, that a, ls exactly 


Pre 20 dB. 


point! This means thal no power meter is re- 
quired! 


The accuracy of the measurement is depen- 
dent on the exact knowledge of the couple 
attenuation of the directional coupler. The di- 
stance 'd' is not given, but measured after 
Getermining the correct altenuation between 
transmitter and receiver. The given result coin- 
cides well with the data-sheet specifications of 
the antenna manufacturer. The gain measu- 
redin this manner is referred to an isotropic ra- 
diator, and not against a dipole, as is usually 
the case with professional, amateur, and other 
antennas. 
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